The use of an intraoperative tourniquet for total knee arthroplasty (TKA) is a common practice. Although it provides clear filed and ideal cementation during surgery, issues regarding the effectiveness, drawbacks and complications are still investigated. This review was conducted to evaluate the role of tourniquet in TKA through a comprehensive literature search was done in PubMed Medicine, Embase, and other internet database. Debating issues, including the blood loss, operation time, alignment, compromised wound healing, quadriceps weakness and timing of release were furtherly examined. Based on our prior work and the general consensus that the tourniquet should be set with the lowest pressure and for the least ischemic time possible, we recommend early tourniquet release right after the closure of extensor mechanism in the TKAs without drainage.
Introduction
Total knee arthroplasty (TKA) is associated with substantial postoperative blood loss for which blood transfusion might be necessary. Various strategies to hemostasis had been proposed, including the use of tourniquet during surgery. The use of tourniquet was believed to help reduce intraoperative blood loss [1] [2] [3] [4] , provide better visualization, save operative time [4, 5] , and facilitate the cementing quality and other surgical procedures. However, some conflicting results were reported regarding blood loss and fixation of cemented [6] [7] [8] . Furthermore, certain drawbacks were mentioned after the use of tourniquet, including thigh pain, nerve palsy, ischemia [9] , soft tissue damage, thromboembolic complications [10] , decrease muscle strength [11] , and knee range of motion (ROM) [3] . In spite of the common use of tourniquet in orthopedic surgeries, the role of tourniquet in TKA remains controversial, and some surgeons suggested that tourniquet is not necessary [12, 13] .
To reduce the aforementioned drawbacks, adjunctive measures such as skin protection [14] , elastic cuff [15] , and reducing cuff pressure [16, 17] are frequently taken while applying the tourniquet during TKAs. Recently, early deflation of tourniquet has drawn increasing attention. Since most surgeons use tourniquet to facilitate the procedure mainly, there are no need for prolonged use of tourniquet. Various timings of deflation have been proposed in the literature, such as deflating tourniquet after cementing the implants [18] [19] [20] , after closure of arthrotomy [21] , or immediately after wound closure [22] . However, no consensus has been achieved to date.
To clarify the role of tourniquet in TKA, a comprehensive review was therefore conducted. An extensive search as well as review of the related literature regarding the tourniquet use was performed. This review focused on:
1. Effectiveness of tourniquet use in TKA.
2.
Safety and complications of tourniquet use in TKA.
3.
Effect of early deflation of tourniquet.
Search of literature
Our review team completed the search of electronic databases, including the Cochrane Central Register of Controlled Trials (2010), PubMed Medline (1966 to May 2011), and Embase (1980 to May 2011). We used the following search terms and Boolean operators: (tourniquet) AND (knee OR arthroplasty OR joint replacement). We also searched the reference lists of the relevant articles for any further associated studies. The criteria for inclusion were (1) reports dealing with patients undergoing primary TKA and (2) studies about tourniquet use. After reviewing the titles and abstracts of the studies, we determined if the study was appropriate for retrieval. The retrieved literature was completely reviewed. A consensus about the content of this review article was reached throughout series of discussion.
Intraoperative tourniquet use

Blood loss
Whether or not a tourniquet can reduce blood loss in total knee arthroplasty is still being debated in the literature. Although intraoperative blood loss was significantly less in the tourniquet group in the present study, there is often a substantial hidden or unmeasured blood loss in TKA. Some authors claimed that a tourniquet is effective for reducing blood loss [1, 2, 23] , but others did not agree. Numerous studies reported no significant difference in the amount of blood loss with or without tourniquet use [24, 25] , and others even suggested that the use of tourniquet induces more blood loss [26, 27] .
There are some parameters commonly used to evaluate the blood loss of the surgery. Directly measured items include the intraoperative blood loss and the transfusion rate. Measurable total blood loss, the summation of intra-and postoperative blood loss, is determined by the increasing weight of soaked gauze added the amount of postoperative drainage. Calculated total blood loss, which is always regarded as true total blood loss, was measured by Hb and Hct levels before and after surgery.
In the research model of meta-analysis, some authors suggested that the use of tourniquet did not affect total blood loss [3, 5, 8, 28] , which was opposed by Alcelik et al. [29] . However, Alcelik et al. [29] estimated total blood loss simply based on the measurable blood loss while overlooking the hidden blood loss. Thus, the evidence available indicates that tourniquet indeed significantly reduce the intraoperative blood loss rather than the total blood loss.
Operation time
The application of a tourniquet in TKA was believed to afford a relative bloodless surgical field, facilitating time saving. However, the critical timing of deflation should be mentioned regarding the operation time. The pooling data showed significantly shortened surgical duration in the tourniquet group once the tourniquet was released after wound closure and compressive dressing [2, 27, 30] . In comparison, early release of the tourniquet right after cementing the prosthesis for hemostasis would prolong the operation time for troublesome oozing [5, 20, [31] [32] [33] [34] . Thus, the studies with early release of tourniquet did not correlate with significant shortened operation time [23, 24, 26] .
Alignment and stability
A tourniquet use is believed to improve the visualization of anatomical structures [35] due to better control of intraoperative bleeding. However, this advantage does not necessarily promise the improved implant position or surgical accuracy. Stetzelberger et al. [36] found that the mechanical leg alignment, the joint line level, and the patellar height could be accurately reconstructed with and without the tourniquet use.
On the other hand, an inflated tourniquet could alter the patellofemoral tracking [28] and may give the impression of an enhanced lateral tracking because of an increased lateral retinacular tension [37, 38] . Some authors recommend the deflation of the tourniquet prior to a lateral release to avoid unnecessary interventions. However, Matsui et al. [39] found that there is low clinical relevance even tourniquet deflation significantly improved the patellofemoral tracking and it is reliable to test intraoperative congruity a tourniquet in place.
There is a lack of data available in the literature whether the use of a tourniquet increases implant fixation in TKA. Radiostereometric analysis (RSA) has been used to investigate the influence of the tourniquet on implant fixation, but no difference was found [40, 41] . Recently, Pfitzner et al. found that the use of a tourniquet in primary TKA increased the tibial cement mantle thickness [42] , which could increase implant stability and survival [43] .
Risk of thrombosis
The use of a tourniquet can be an important issue but still controversial regarding the formation of deep vein thrombosis (DVT) after TKA. Abdel-Salam and Eyres [44] , Mori et al. [10] , and Tai et al. [5] reported an increased incidence of DVT with the use of a tourniquet in TKA, but Wakankar et al. [35] and Fukuda et al. [23] both reported that the incidence of DVT was not related to the use of a tourniquet. However, these studies vary in diagnostic tool, race, and the presentation of symptoms.
The length of tourniquet time (ischemic duration) is another factor affecting the risk of thrombosis. Bin Abd Razak et al. [45] and Chung et al. [46] reported that the rate of DVT appeared to be associated with prolonged tourniquet time, probably due to a long period of venous stasis and damage to calcified vessels. Early deflation of tourniquet is also found to decrease the risk of DVT [18, 47] .
Although most DVTs were asymptomatic, an asymptomatic postoperative DVT is associated with an increased risk of the late development of the post-thrombotic syndrome [48, 49] . Thus, patients with an asymptomatic DVT should be monitored carefully.
Complication related to wound healing
Wound condition after TKA is important for the prevention of periprosthetic infection [50, 51] . Delay in wound healing is associated with deep infection, which leads to the arthroplasty failure [52] .
The use of a tourniquet is associated with a higher incidence of postoperative wound problems [3, 5, 28, 44] , including significant hematoma, wound oozing, skin blistering, bruising, necrosis, and superficial wound infection requiring antibiotics treatment. Circulatory stasis caused by tourniquet inflation may worsen the local soft tissue condition [5] ; furthermore, reactive hyperemia and activation of fibrinolytic cascade after tourniquet release increase the tissue pressure and local inflammation [3, 53] , all of which lead to tissue hypoxia and subsequently compromised wound healing.
Thing pain, weakness, and postoperative recovery
For patients who undergo tourniquet-controlled TKA, thigh pain is a very common complaint during the early postoperative period. Performing TKA without a tourniquet could reduce postoperative thigh pain in several literature [1, 3, 12, 13] , but the benefit declines with time and becomes insignificant different at follow-ups longer than 6 months.
Compromised knee motion after tourniquet use has also been mentioned in some literature [35, 40, 44] . The possible reasons are as follows: (1) using a tourniquet may injure the nerve and the skeletal muscle, even causing rhabdomyolysis [40, 54] and (2) increased postoperative pain would limit the patient's ability to perform postoperative training [40, 55] .
Considering the acting and involving region of tourniquet, quadriceps weakness is a hallmark of TKA [56, 57] , though few studies investigated this issue. Abdel-Salam and Eyres observed a quicker ability to achieve a straight leg raise maneuver in whom a tourniquet was not used [44] . Dennis et al. [11] also reported the diminished strength of quadriceps during the first 3 months after TKA using a tourniquet. However, no significant difference of knee-extension strength 48 h after surgery was reported by Harsten et al. [58] .
Long-term effect of tourniquet use on the postoperative ROM is still debating. Ledin et al. [40] reported that the ROM was 11° greater in the non-tourniquet group after 2-year follow-up, but Abdel-Salam and Eyres [44] and Liu et al. [13] found no difference in knee flexion after 1-year follow-up.
Timing of tourniquet release
To reduce the ischemic duration and the incidence of complications aforementioned, some surgeons suggested the early release of tourniquet. The different timings of tourniquet deflation include immediately after wound closure [22] , after a tight arthrotomy closure [21] and mostly after the implantation of the prostheses [18, 20, 32] .
Although there were some reviewing articles related to the timing of tourniquet release in TKA, the results varied. For blood loss, Huang et al. [59] and Zan et al. [47] suggested that tourniquet release before wound closure for hemostasis wound significantly increase not only total measured blood loss but also calculated blood loss. Zhang et al. [31] found that releasing tourniquet before wound closure could increase only total blood loss. However, Tie et al. [60] reported no significant difference existed in calculated blood loss nor total blood losses. To analyze the blood loss in detail, intraoperative blood loss may contribute to most of increased blood loss. Releasing tourniquet before wound closure theoretically could ensure a better view of hemostasis, and patients would have better blood conservation. Nevertheless, fibrinolytic activity rises after the release of an arterial tourniquet [61] , contributing to the higher perioperative blood loss. In addition, it was impossible to find all bleeding sources, especially the oozing spots. These are the reasons why total blood loss is higher when tourniquet is released before wound closure in some reviewing article.
Several studies demonstrated that releasing tourniquet before wound closure had a decreased risk of postoperative complications such as wound complications [22] , deep infection, DVT [31] , and so on [47, 60, 62] . Although there is no significant difference in some meta-analysis [18, 59] , it had a trend that releasing tourniquet before wound closure could decrease the incidence rate of major complication.
Pressure
Clinical and experimental studies supported a positive correlation between the degree of neuromuscular injury and the amount of pressure or the ischemia duration. Olivecrona et al. [16] reported a higher cuff pressure increase risks of tourniquet-related postoperative complications. Despite various pressures being used in different studies, the general consensus is that the tourniquet should be employed at the lowest pressure and for the least ischemic time possible to avoid complications. In some published studies [17, 34, 53, 63] , cuff pressures, ranging from 300 to 350 mm Hg, have been reported.
To reduce the cuff pressure, some surgeons preferred the setting of cuff pressure on the basis of the systolic blood pressure plus a margin of 100 mmHg [34] , and less early postoperative pain has been reported [64] . Meanwhile, another common method, twice of the systolic pressure, has also been adopted [65] . Besides, based on the fluctuating systolic pressure, improved devices with timely automated measurement of limb occlusion pressure have been investigated to reduce the cuff pressure [16] .
Authors' preference
For the past decade, the authors focused on the effects of a tourniquet in TKA. In a meta-analysis [5] , we found that using tourniquet in TKA may save time without evident hemostatic benefits. Then, a prospective, randomized, controlled trial was therefore conducted to clarify the effect of tourniquets in TKA. Reduced operative time, reduced intraoperative blood loss, and prevented excessive inflammation and muscle damage were obtained in the tourniquet-controlled TKAs [1] . Further, to save unnecessary ischemic duration, an effective hemostasis via a tamponade by the closed arthrotomy without drainage was used. Not only the shortened ischemic time but also better earlier functional recovery was obtained at early postoperative follow-ups [21] . Currently, although tourniquet is routinely used in our daily practice of TKAs, timely release as well as low cuff pressure is stressed based on the awareness of the risks of thromboembolism and other aforementioned complications. 
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